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Automatically Generating Conversational Behaviors in Animated Agents
Abstract
In the creation of synthetic computer characters, the creators shouldn't have to create or control every move of
their life like human agents: for example, during the progress of a search or planning system, responding to
knowledge based queries, or portraying autonomous agents during real-time virtual environment simulations.
For these automated characters we must generate behavior on the basis of rules abstracted from the study of
human behavior.
Comments
Copyright Massachusetts Institute of Technology. Presented at Lifelike Computer Characters, October 1994.
This journal article is available at ScholarlyCommons: http://repository.upenn.edu/hms/57
 
		ﬀﬁ	ﬂﬃ! "$#%'&(	)*	+-,./*	#0'&1 
	324 ﬃ$&
57698ﬂ:;=<(>@?%A78B8ﬂ>DC=C ?%AE:F(>HG;I<J>LK>DCMAONPFQAE6QR STOGUVAE<VWXA7RﬁC=>DG Y.AEGZ\[':B>D>ERﬁU]A^<
_<J;I`'>DGa8ﬂ;I:b@TEc%Kd>D<(<98ﬂbCI`OA^<(;eA7fhg
S0T^`'>HUjiQ>DGklnmDkOk^o
p=qrMsutvwMtxﬂrIy{zBq*zﬂ|Q}M~qrMstrIy{v$vz+urMtwdvhsDxwhxﬂvrMtwM}'rMsutvwMtxﬂrMzBwM}d}Msz{q^ r+sHxŁBtrMz$vwMtxrMtzwnvzBqrMwMzﬂQtBtwM~0+zt+z|QrMsuthy{w3y|thy{t
sxﬂq%xﬂBtqrM}7|zBwﬁtxﬂ+{tuwIy{qdrMstQuwMzBwMt}M}(z|Ox}MtxwMvszw'xﬂqqy{qu}M~}MrMt$awMt}MDzqy{qu+rMznqz({tuBtHxﬂ}MtﬀutwIy{t}uzBwﬁHzwMrMwhx~y{qu
xﬂrMzqzz}+xtqrM}uwIy{qXwMtxŁ=rIy{+ty{wMrMHxŁQtqy{wMzBqutqrd}Iy{xﬂrIy{zq}uzwnrMst}MtXdh vsHxﬂwhxvrMtwM}(td}Mr¡ﬂ¢Hﬂ£=(DtsHxŁy{zBw
zq%rMsutnHxﬂ}Iy{}nz|'wM{t}xﬂ}MrMwhxﬂvrMt$|wMz¤rMsutn}MrM~$zﬂ|sxqXDtsHxŁy{zBw
¥QstXDtsHxŁy{zBwXrMsDxr(t$vzBquvtqrMwhxﬂrMt0zq*y{q@rMsPy{}%uwMz¦Mtvr+y{}vzBqtwM}hxrIy{zqV§rMsDxr¨y{}©xﬂq*y{qrMtwhxﬂvrIy{tyxŁ{zBtDtr=(ttqªrI(z*xtqrM}h«
¬(zqBtwM}hxﬂrIy{zBqdy{quvh{ut}Q}MDzBtqnxﬂqHxﬂt§(zwM}xﬂqvzqrMtrMHxŁ{~%xuwMzwIyxﬂrMtQy{qrMzqHxﬂrIy{zqxwMy{qunrMzBPy{vﬀxqun|zv}h«r­y{rx{}Mz®y{qv{ut}
|=xvyxŁEzﬂBt+tqrM}Q§¯y{}MsDxDt}twMt}M}Iy{zq}x°tstxﬂ+zBt+tqrh«xqusDxqu+Bt}MrMwMt}§Dzy{qrM}uHtxﬂrM}xqu+zt+tqrM}ﬁwMtwMt}MtqrIy{q+rMst
rMzy{vz|Oxﬂvvz+Hxﬂq~y{q+}MDttvsH«±²y{rMszrﬀxŁEz|ErMsut}Mt®BtwMHxŁOxqu+qzq=twMHxŁODtsDxy{zwM}HzqtQvxﬂqquzBr(sHxŁBtQwMtxŁy{}MrIy{vy|ty{BtExurMzBquzB+z}
xﬂBtqrM}%¥'z)rMsy{}+tqE'zwn}M~}MrMt³u´¯µ¶¶{·xqPy{xrMt}vzqBtwM}hxﬂrIy{zBqu}Dtr=(ttqd{rIy{P{t%su¨xﬂq¸y{Bt0xﬂBtqrM}d(y{rMs*xuwMzwIyxﬂrMtxﬂq
}M~qvswMzqy{°t}MHttvhs^y{qrMzqHxﬂrIy{zqEE|=xﬂvyxtwMt}M}Iy{zq}OxﬂqXsDxquXBt}MrMwMt}
¥Qstn}M~}MrMt\y{}Qvz+Hz}MtXz|x+¹n´¯¶{h¡uºQ¢D£I´¯¢wMzBwhxﬂ.QsPy{vhs0xŁ{zQ}Qt}MrMwMtxﬂq$vzBqtwM}hxrIy{zqHxŁ'y{qrMzqHxﬂrIy{zBqrMzDtntqtwhxrMt
xŁ{zBqu(y{rMs$}MHttvhs^¥QsutnzBurMr®z|rMsutﬀPyx{zBut+BtqtwhxﬂrIy{zBqwMzBwhxﬂ\y{}Q}MDttvhsXxquqzrhxrMtX(y{rMs$t}MvwIy{rIy{zq}nzﬂ|JxuwMzwIyxﬂrMtny{qrMzqHxﬂrIy{zBq
xﬂqt}MrMwMtQsy{vs%xwMt®rMstq+}MtqrﬁzBq)rMzxqdy{qrMzqHxﬂrIy{zBq$}M~qrMst}Iy{}Q+zP{t|=xvyxŁOtwMt}M}Iy{zBq$}MDtvhy»DvxrIy{zq%+zu{t¼xﬂq+t}MrMwMtnxqu|=xﬂvyx
}M~qrMst}Iy{}n+zP{t}©¥®st½¢D¢D´¯¢+¾E·B¢D{¿DŁÀ´ÁÀ'zutÂtqtwhxrMt}xﬂvrMHxŁ'y{qrMzBqDxrIy{zqHxŁQrMqt}nx}nx3|qvrIy{zq0zﬂ|JrMsuty{q|zBwMxﬂrIy{zBq}MrMwMuvrMuwMt
zﬂ|ÂrMsutﬀPy{}MvzwM}Mt(¥QstdÃEµ´¯¶Ä'ÅÆO£=ŁÀhÀ´¯¢d¾ÆHhµﬂ´ Ç(µ´¯B¢(+zP{ttqtwhxrMt}Qsutx%xﬂq$t~Bt+zt+tqrM}Qx}Qx©|ÈuqvrIy{zq%zﬂ|ÂPyx{zﬂy{vvxrMtzBwIy{t}
}Mvsx}7ÉHÊËﬂÌÌEÍÌÎÏÐHËÑ*ÑÒLÓËÔÕ+Ö××ØÙHËÚÛ0ÑÒLÓﬂÉH×ËÛ×ﬂÜJÝMÓ0ÚÒﬂÌÑÜEÍÙÞÑDÍÒﬂÌED¥Qst+ºQÀ£I(¢H ÃEµ´¯¶ßXàd¢DD¾E·B¢D{¿DÀ´ÁÀ+z{t®sHxﬂ}
rIJz+DxwMrM}á
â
ãä¾E·¢Dµh¿D£=¢D´å¯´¯¢0d ¶{ŁpIqrMtwhxvrIy{zq@DtrI(ttq@xﬂBtqrM}Xxquª}M~quvhswMzqy{°xﬂrIy{zBqæzﬂ|axﬂ°tQsHxﬂq-xﬂq@stxﬂª+zt+tqrM}$rMzrMst
yxŁ{zBut0|zw+tŁxﬂvhs@xﬂBtqr%xﬂwMtxﬂvvzB+y{}Msutçu}Iy{qªè'xﬂwhxŁ{thn¥'whxﬂq}Iy{rIy{zqçé®trI(zBwM}$§=è'xﬂ¥(eé®trM}h«Qsy{vs-x{zﬂêvzzBwMPy{qHxﬂrIy{zBqæwMP{t})rMzDt
tqvzt0xﬂ}Q}Iy{P{rhxqutzBu}I~0ttvrIy{qu»Dqy{rMt}MrhxﬂrMtxﬂrMz¨xﬂrhxP
ë
(ã\ßàﬂ¢D7¾ÆHhµﬂ´ Ç(µ´¯B¢+ﬂ ¶{'pIrJ}Mt{tvrM}©xﬂqXtqtwhxﬂrMt}qzu}Hxﬂ°tdy{wMtvrIy{zBq^OsDxqu}MsHxﬂDt}EQwIy{}Mr©xﬂqXxﬂwM.zrIy{zqE
¥Qst(vzqBtwM}hxﬂrIy{zBqDt{z²y{}JxﬂqtxﬂP{tﬀzﬂ|ErMst(y{}MvzwM}MtzBurMur'|wMzBjrMstQPyx{ztBtqtwhxﬂrIy{zBq)wMzBwhxﬂ$Juz{z9y{qny{r­y{}xQut}MvwIy{urIy{zBq
zﬂ|}MzB+tnzﬂ|rMstnqzqtwMDxJxﬂq$y{qrMzqHxﬂrIy{zqHxŁJDtsHxy{zwM}nBtqutwhxﬂrMtX(y{rMsXrMstn}MDttvhs^
¥Qst+Pyx{zButy{}nuqqDxrMuwhx{~*wMtDtrIy{rIy{Bt$xqu0ty{vy{rdy{qy{rM}nBzx{}nDtvxu}MtrMst+Pyx{zBut%tqtwhxﬂrIy{zBqwMzwhxärMsDxrwMzuvty{rnsHxﬂ}
qzqtdz|'rMstdvzBqtwM}hxrIy{zqHxŁy{qP|ÈtwMtqvt}rMsHxﬂrﬀx{zﬂçsuxqu}ﬀrMzd|z{zﬂ-{txﬂ}z|wMtxﬂ}MzBqPy{qu
ì®y{DtwMrîíQz+~zB$sHxtxdPxquXvhstvï
ìtzBwMt ðt}psDxtxdxﬂqXvstvhD
ì®y{DtwMrîíQz+~zB$sHxtxﬂqXxvvzBuqrQ|zwQrMstnvstvhï
ìtzBwMt ðt}psDxtxﬂqxﬂvvzqr®|zBw®rMstnvhsutvhD
ì®y{DtwMrîíQzt}QrMsutxvvzBuqrﬀvzqrhxy{qxr9{tŁxﬂ}Mr(»u|ÈrI~uzxﬂwM}hï
ìtzBwMt ðt}rMstxﬂvvzBuqrﬀvzqrhxy{qu}ﬀty{sr=~XuzxﬂwM}
ì®y{DtwMrîìtr(rMsutvhsutvhxﬂtzr®rMz~z|zw(»|rI~zﬂxwM}
xqu%rMsutqXpﬁvxqX(y{rMsuwhxñ»|rI~zﬂxwM}|zwQ~zB^
ìtzBwMt ãQOwIy{srD{tr }QtrQrMstnvstvh$xutnzBurﬀrMz++t
|Èzwﬁ»|rI~zﬂxwM}
±ªsutqòì®y{DtwMrx}M}x)t}MrIy{zqEsPy{}zy{vt+wIy{}Mt}±ªsutqòìtzwMBt+wMty{t}+rMz%x)t}MrIy{zqEsPy{}zy{vt+|=xŁ{}±Lstq*ì®y{DtwMrxﬂ}M}ìtzBwMt
QsutrMsutwnst+sHxﬂ}x)xﬂqvhstvDÂsut+}MrMwMt}M}Mt}nrMsut(zwMôóõvhsutvö±Lstqstxﬂ}M}ìtzBwMtQsutrMsutwnst+sHxﬂ}xq*xﬂvvzqr|zwnrMst+vhsutvhD'st
}MrMwMt}M}Mt}QrMstdJzwM*óhxﬂvvzqrMöu
÷'twM~XrIy{tì®y{DtwMrwMty{t}+xøwMxrIy{t{~L§óM~t}Möa«7zBwrMwMqu}nrMstnùDzzBwnzﬂBtwnrMz%ì®y{DtwMr'st+qzu}nsy{}sutx^Âxﬂq0whxŁy{}Mt}nsy{}dt~twMz®}
ìtzBwMt%xﬂq*ì®y{DtwMr{zz*xrntxﬂvhszrMstwQsutqòì®y{DtwMrx}M}+x$t}MrIy{zqEurxﬂrnrMst)tquz|Qtxvst}MrIy{zBq^9ì®y{DtwMrd{zzB}+u}Iy{srI{~
í®wIy{q$rMstnuwIy{t|Hxﬂ}MtxﬂrQrMsutntquXz|JxŁøwMxrIy{t}MrhxﬂrMttqrM}QrMsutn}MDtŁxﬂtwy{qu}
p=q+}hx~y{qu+rMstQ(zwMúóõvhsutvhöuPì®y{DtwMrQ}MtrMvhst}(rMst®zBurIy{qt}Qzﬂ|ÂxQvstvhdy{qrMsutﬀxŁy{wDtr=(ttqsPy{ûxﬂq)sy{}ﬁy{}MrMtqtwJpIq}hxŁ~y{q0óhxﬂvvzBuqrMö
ì®y{DtwMrn|zBwM+}x)y{qzﬂ|JDzXy{qú|wMzBqrnzﬂ|JsPy{ä(y{rMs0sPy{}nsHxﬂqu}x+trhxﬂszwIy{vxQwMtwMt}MtqrhxﬂrIy{zBq*zﬂ|9x)Hxﬂq0xﬂvvzBuqrny{q0®sy{vhszqt+ttu}
+zBqut~Bﬁ±ªsutqXsut}hx~}®rMstnsuwhx}MtXóM9y{rMswhxŁ-»u|r=~uzxﬂwM} öXì®y{DtwMrnwhxQ}®sy{}sHxﬂqXrMzQxﬂwM}QsPy{}ﬀvst}Mr
ãQ{rMsuzBuBsrMsutrIJz$xtqrM}nzquzBrny{}MDx{~ÆH£Iµhﬂ´àﬂ(tŁxﬂvhsXzrMstw }nBt}MrMwMt}7}MHttvhs^OtrMv{DrMsty{wxﬂvrIy{zq}+xwMtdqttwMrMsut{t}M}dtrMtwMdy{qt
~0rMsuttBzﬂ{y{qvzqBtwM}hxﬂrIy{zBq^0¥Qst)}MtutqvtJxqustqvt$rMsty{w+zrIy{zBqu}y{}dqzrwMt=utrMtwMdy{qut^0¥Qsu}ny|ﬀqut]y{q|zBwMxﬂrIy{zBqLDtvz+t}
xBxŁyxﬂ{tOrMsutq$x'rMstvzB+uqy{vxﬂrIy{zBq0xﬂvrM}Q(yÂxﬂ¦M}Mr9ü¨xﬂqDtxﬂqy{xrMt)ü¨xﬂvvzwMy{qu{~QpIrﬁy{}QrMsy{}(twMt}M}Iy{tnùHty{PyyrI~0xqu%wMt}MDzBqu}Mt
rMz+qztÂ}Iy{rMDxrIy{zq}nrMsDxrxtnrMst}MtxﬂrMzxrMtXvhsDxwhxﬂvrMtwM}Qy|ty{Bt
ý³þ+ßþ Qþþ

â	

Â¬®x}M}Mt¬Oè7txvsHxﬂ^Jén ph(xﬂ{twPrMttu¨xﬂqE®OãvhsuzBwMq^O¥nﬁtvhtrQOí®zy{t¼Âè­wMtz}MrÂ¬txs^ÂxﬂqrMzqt
ãqy{xrMtvzqtwM}hxﬂrIy{zqE(P{tDx}MtXtqtwhxrIy{zq0zﬂ|'|=xvyxŁÂtuwMt}M}Iy{zqE7Bt}MrMuwMtxﬂqX}MDzBtq$y{qrMzBqDxrIy{zq|zBwQd{rIy{P{tvzBqtwM}hxrIy{zqHxŁ
xﬂBtqrM}(p=q¾½ºnºﬁﬀﬃﬂ  !#"D
â%$&$('

)	*,+.-/0-213-24%/653+ﬁ/0-0798#/6:3-2;<8#=>+.-0/0-?,4@15	4#/A/3BC-2;ﬁ8%D.:.E38#BF=G:IHCJ<?,BC:K+ML,/0-2:3:Nﬃ53+.8#/A=PO@L,/0-2:3:Q8#D.R(BFHFHC-@OTS&528(:A:,UP/0-2R(8@1A:	O@4#=.;ﬁV4@:3:K+.-	?S&:38#=.-@W
X
*Y-	53+Z=ZBC524#HZ524(:A-	[@8#/0J.\.1I7Y-	-253+]4#=.;^HC4#=.[#D.4@[(-,7Z/68&52-	1A1IBF=.[ZO#;&BC4#HC8@[#D.-,_]4#=.4([@-0_]-3=Z:2O	528#_ﬁ7ZD.:3-0/[%/64#7Z+ZBC5	12W
